Revenues from faecal sludge (FS) treatment end products could offset treatment costs and contribute to financially viable sanitation. In urban sub-Saharan Africa, energy-producing resource recovery has the potential to generate greater revenue than use as soil conditioner. In contrast with wastewater sludge, the technical feasibility of using dried FS as solid fuel in industries has not been investigated. This study evaluated it through characterization of dried FS from drying beds and by 
INTRODUCTION
Worldwide, the sanitation needs of 2.7 billion people are met by onsite sanitation technologies (Cairns-Smith et al.
).
This results in the accumulation of large quantities of faecal sludge (FS), defined as the raw or partially digested, semisolid or slurry resulting from collection, storage or treatment of combinations of excreta and blackwater, with or without greywater, in onsite sanitation technologies (Strande ) . Lack of financial resources is one reason why FS management services frequently do not exist or cannot be sustained in low-income countries (Murray & Drechsel ; Bassan et al. ) . Hence, large amounts of FS are discharged untreated into the environment, jeopardizing public and environmental health (Peal et al. ) .
A market exists for FS treatment end products, includ-have a higher revenue potential than other treatment end products (Diener et al. ) , and can be recovered within urban markets reducing transportation, and generated income could offset treatment costs. Large-scale industrial markets such as cement or coal-fired power plants are especially promising due to their large and consistent fuel demands.
In Europe, the USA, China and Japan, wastewater treatment sludge has already been used for many years as a solid industrial fuel in cement industries and coal-fired power plants (Werther & Ogada ; Spinosa ) . For example, in Germany, power plants substitute 3-10% of coal consumption (by weight) with 10,000 to 100,000 tons of wastewater sludge dry matter (DM) per year (Richers et al. ) . In Switzerland, one cement company uses around 15,000 tons of wastewater sludge DM per year, and in 2012, 27% of wastewater sludge produced in Switzerland was used as an industrial fuel in cement production (Tezcan  (Niwagaba et al. ) . This suggests that experience with the combustion of wastewater sludge is not directly transferable to FS.
The objective of this study was to assess the suitability of dried FS from unplanted drying beds as a solid industrial fuel based on (i) fuel characteristics in comparison to existing industrial fuels such as wastewater sludge and (ii) kiln temperatures and end product characteristics in two different pilot-scale industrial applications.
METHODS
This research was conducted over a period of 10 months in Dakar and Thiès, Senegal, and in Kampala, Uganda.
Faecal sludge sampling
In Dakar, FS samples were collected from: vacuum trucks discharging into settling-thickening tanks (un-thickened FS); a mixing tank (thickened FS); the surface of drying beds; and dried FS following removal from beds. During vacuum truck discharge, four 1-L grab samples were collected. Grab samples were collected at the beginning, twice in the middle and once at the end of vacuum truck discharge. Drying beds were divided into sections, and grab samples were collected from the centre of each section.
For the dried FS, grab samples were collected from the entire sludge volume that was removed from the beds and used in the pilot-scale kiln experiments. In Kampala, FS samples were collected from: vacuum trucks discharging onto drying beds; the surface of drying beds; and dried FS following removal from beds, in the same way as in Dakar.
One composite sample was prepared from grab samples and samples were kept on ice and transported to the laboratory the same day for analysis.
For comparison to faeces, one grab sample was collected from a source separation toilet in Nairobi, Kenya.
Faecal sludge drying
In Dakar, FS was dried in four cycles on pilot-scale drying beds, based on Seck et al. () . In each cycle, septic tank FS from nine to ten vacuum trucks was discharged through a bar screen into a settling-thickening tank for settling-thickening between 2 and 6 days. Following this, the sludge was pumped into a mixing tank for homogenization and sample collection before loading onto the drying beds. In cycles one and two, the sludge was dried to 90% total solids (TS) (bulk density: 500 kg/m 3 ) and removed as sludge cakes that were 30 to 50 mm thick. In cycles three and four, the sludge was dried to 60% TS and mechanically processed into thermocouples and recorded with a data logger. In Dakar, temperatures in the combustion chamber (temperature probe 1 and 2) and the waste oil (temperature probe 3)
were recorded every 30 sec, and in Kampala every 30 sec at three points (temperature probe 1, 2, 3). As shown in Table 2 Fuel requirements of cement companies in Switzerland, Uganda and Senegal are also included in Table 2 . Whether FS meets the limits for ash, sulfur and phosphorus depends on the location. In contrast, heavy metal concentrations were below guideline values. In general, cement industries only accept fuels with total heavy metal concentrations As a metric of quality, the compressive strength of bricks cured with FS was 8.3 ± 2.4 MPa, and with coffee husks 5.9 and 8.4 MPa, which was comparable to commercial products from Ugandan Clays of 6.2 and 7.9 MPa.
Analyses

Faecal sludge fuel characteristics
In Dakar, the pilot-scale kiln was operated with FS fuel to mimic an industrial waste oil regeneration process, which includes distillation at 360 W C to remove water vapour and volatile compounds. The resulting temperature profiles are shown in Figure 3 . Repetitions with the same fuel type were replicable. Acetone was used to start ignition, and resulted in a temperature spike within the first 5 min. Therefore, these results were excluded from analysis. 
CONCLUSIONS
This research demonstrated that dried FS can be used as an industrial fuel in industries thereby providing revenues to offset treatment costs and provide an incentive to sustain FS treatment. Key findings include the following:
• Knowledge from combustion of wastewater sludge appears to be transferable to FS.
• Dried FS can be as effective in providing energy for industries as coffee husks and charcoal.
• FS fuel characteristics require further refinement (e.g., ash content), and quantities of treated FS need to be increased.
• FS characteristics are variable, therefore, prior to implementation, FS characteristics should be analysed on a case-by-case basis.
